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Abstract 

We assume the stability of vacuum under radiative corrections in the context 
of the standard electroweak theory. We find that this theory behaves as a good 
effective model already at cut off energy scales as low as 0.7 TeV. This stability 
criterion allows to predict mn = 318 it 13 GeV for the Higgs boson mass. 
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Since the standard electroweak theory is renormahzable, the ultraviolet (quadratic 
and logarithmic) divergencies appearing in loop calculations can be removed by proper 
redefinitions of a small number of parameters {e.g., masses). The renormalization 
program allows to get finite predictions for physical quantities except for those few 
parameters which require redefinitions. In this way, we renounce to give some physical 
content to the divergent behaviour of the theory at very high energies 

Instead of following the renormalization program, we can consider that SU{2)l ® 
f/(l) is an effective theory with an ultraviolet cut off at the energy scale A and try to 
trigger some information on the model itself from the behaviour of divergent terms. In 
other words, we assume that a more complete theory than SU{2)l (8> U{1) introduces 
new physical effects at high energy that cut off the ultraviolet divergencies. Below A, 
SU{2)l ® U{1) is supposed to describe all the electroweak processes in a satisfactory 
way. 

In this letter we consider SU{2)l ^U{1) as an effective theory below A and assume 
the vanishing of the common divergent contributions (tadpoles) to the masses of all 
the particles. We find that the electroweak theory becomes effective even at cut off 
energies as small as A ~ 0.7 TeV. This criterion for vacuum stability under radiative 
corrections allows to derive a mass for the Higgs boson that differs from its asymptotic 
value (A oo) niH = \jA{m1 + ml) — 2mly — m| 0- [|| by less than 0.6 % already 
at A ~ 0.7 TeV. 

Let us start by considering the divergent one-loop tadpole contributions. These 
tadpoles give a universal contribution to self-mass corrections because the bare masses 
of all the particles are proportional to the vacuum expectation value v of the Higgs 
field. The tadpoles are gauge-dependent and are given by 

-6m'^Ao{mw) - -m^Ao(y^mz) - m%Ao{^/^mw) 

+ 12[m^^Ao{mt)+mlAo{mh)]} (1) 
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where {i = W, Z, H, t, h) denote the masses of gauge bosons, the Higgs boson and 
top and bottom quarks (we have neglected fermion masses other than rritfi), C, is the 
gauge parameter = 1 in the t'Hooft-Feynman gauge and ^ = in the Landau gauge) 
and [ffl 



-m2 (I - 7 + log(47r/i2) + 1 - log m^) , 
A"^ — log ^ — m"^ 

The two expressions in Eq. (2) are obtained by using the n-dimensional and corre- 
sponding cut off regularization methods, respectively. 

In a similar way, we can compute the corrections to the neutrino mass (we assume 
a non- vanishing value for the neutrino mass). We get 

Sm^ / a \ 1 fSo N 
TT' 2 ■ 2n o^w + ^0 0, 0, ^J^mw) 
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where 



+|^l + ^5o(0,0,yemz)} + ^ (3) 



, — f i — 7 + log(47r/i^) + 1 — logmA , 
Bo{0,0,m) = { J f ^ ^ (4) 

— m log — m , 
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respectively, using the n-dimensional and cut off methods. Eq. (3) is in agreement 
with corresponding results in Ref. ^ where finite terms of the form and are 
neglected. 

As it can be easily checked from the previous expressions, Sm^/rrii, is explicitly 
gauge-independent. This means that if we write the tadpoles in the Landau gauge we 
obtain 
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rui, 4 VloTr/ m^rsm Ow 
i.e., this quantity is SU{2)l ® U{1) gauge-invariant. As is well known, the tadpoles 
can be computed from an effective potential only in the Landau gauge 0. 

Now let us assume that tadpole contributions in the Landau gauge vanish, namely 
5vt = 0. According to Eq. (5), 6mu/m^ becomes negligible small (~ 1.6x10"^), i.e. the 



radiative corrections to the small neutrino mass are very small. Since tadpole radiative 
corrections affect the masses of all the particles in an universal way, the stability of 
the vacuum under radiative corrections {5vt = 0) implies that the masses of all the 
particles in the effective model scale as Vdass, the classical vacuum expectation value 
of the Higgs boson. 

In figure 1, we plot the Higgs boson mass as a function of A when we imposse 
the condition 6vt = in the Landau gauge. The three different curves correspond to 
nit = 169, 175 and 181 GeV and we have used mw = 80.35 GeV, niz = 91.187 GeV 
and mh = 4.5 GeV When A > 0.7 TeV, we observe that the mass of the Higgs 
boson is approximately given by the relation 

mjj- = 4:{m^ + ml) — 2m^ — m| (6) 
^ 318 ± 13 GeV. (7) 

Eq. (6) corresponds to the condition for the cancellation of quadratic divergencies 
0-0 in the self-masses of all the particles in the standard electroweak theory. 

If we have chosen 5my/my = instead of 6vt/v = 0, the plots obtained would have 
been almost identical for A > 0.7 TeV because finite terms in Eq. (5) are negligible 
above these cut off energies. It is interesting to note that our predicted value for mn is 
somewhat higher than the one predicted in another version of the effective electroweak 
theory |^ where the Higgs potential is reduced to its quartic term. 

In conclusion, by assuming the vanishing of tadpole radiative corrections we find 
that the standard electroweak theory behaves as a good effective model with a relatively 
small cut off energy scale. The mass obtained for the Higgs boson departs by less than 
0.6 % from the value obtained by requiring cancellation of quadratic divergencies 0-0 
already at A ~ 0.7 TeV. Thus, no fine-tunning of physical masses [Q are required to 
suppress the quadratic divergent corrections to self-masses in the effective version of 
the standard electroweak theory. 
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FIGURE CAPTION 



Figure 1: Mass of the Higgs boson as a function of A by imposing 5vt — 0. The 
plotted curves (from bottom to top) correspond to = 169, 175 and 181 GeV, 
respectively. Units in both axis are TeV. 
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